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PART  II. 


Principal  Investigator:  Dr.  Zbigniew  Lewandowski 

Phone:  (406)994-5915 

ONR  Program  Manager:  Dr.  Richard  Carlin 

Program  Objective:  To  establish  the  mechanism(s)  by  which  microorganisms  alter  the  rate  and/or  nature 
of  the  electrochemical  reactions  underlying  Ennoblement. 

e.  Significant  results: 

As  a  result  of  the  project  we  demonstrated  : 

1)  that  the  deposits  accumulated  on  316  L  stainless  steel  exposed  to  natural  waters  contained 
microbially  generated  manganese  dioxide,  Mn02 : 

Mn2+  +  manganese  oxidizing  bacteria  — »  Mn02 

2)  that  the  microbially  deposited  manganese  dioxide  acted  as  a  cathodic  reactant,  accepting  electrons 
from  the  underlying  metal. 

3)  that  the  microbially  deposited  manganese  dioxide  was  ultimately  reduced  to  divalent  manganese, 
and  that  manganese  oxihydroxide,  MnOOH,  was  the  intermediate  product  of  this  reaction: 

Mn02  +  H+  +  e  ->  MnOOH 
MnOOH  +  3H+  +  e  Mn2+  +  2H20. 

4)  that  pure  cultures  of  the  manganese-oxidizing  genus  Leptothrix  discophora  induce  Ennoblement 
under  laboratory  conditions. 

5)  that  the  following  sequence  of  events  is  likely: 

a.  manganese  oxidizing  bacteria  deposit  manganese  oxide  on  the  surface  of  the  metal,  according 
to  (1) 

b.  manganese  oxide  is  reduced  to  divalent  manganous  ions  while  the  base  metal  serves  as  a 
source  of  electrons,  according  to  (3). 

C.  divalent  manganous  ions,  products  of  reaction  (3),  may  serve  as  a  source  of  manganese  ions 
for  manganese  oxidizing  bacteria  in  reaction  (1),  generating  a  loop  stimulated  by  the 
oxidation/reduction  of  manganese. 

d.  cathodic  reaction  (3)  continuously  consumes  electrons  provided  by  anodic  dissolution  of  the 
base  metal  and  accelerates  corrosion,  pitting  corrosion  in  case  of  passive  metals. 

f.  Summary  of  plans  for  next  year’s  work. 

N/A 

g.  Names  of  graduate  students  and  post-doctoral(s)  currently  working  on  the  project 

Dusty  Tripp 
Graduate  Student 

Department  of  Chemical  Engineering 
Montana  State  University 
Bozeman,  MT 

Bo  Olesen 
Ph.D.  Candidate 

Department  of  Environmental  Engineering 
Aalborg  University 
Aalborg,  Denmark 
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Wayne.H.Dickinson 
PhD  Candidate 
Department  of  Chemistry 
Montana  State  University 
Bozeman,  MT 


PART  III. 


A  Power  Point  file  containing  viewgraphs  and  supporting  information  is  included  as  an  attachment  with  this 
report.  In  addition,  viewgraphs  generated  from  the  Power  Point  file  are  included.  Additional  supporting 
discussion  material  for  the  multi-part  and  supporting  viewgraphs  is  included  below. 

Technology  Issues: 

•  Noble  shift  of  Ecorr  to  values  exceeding  +300  mV  SCE 

•  Two  to  three  decade  enhancement  in  cathodic  current  density  at  potentials  above  -200  mV  SCE 

•  Ecor  >  Epu  increases  the  risk  of  pit  nucleation 

•  Enhanced  cathodic  current  impedes  repassivation  by  holding  Ecorr  above  Eprot 


Objectives: 

•  Demonstrate  that  Ennoblement  is  caused  by  microbial  deposits 

•  Define  the  nature  of  biofouling  deposits  on  ennobled  samples 

•  Determine  the  reaction  responsible  for  Ennoblement 

Approach: 

•  Expose  stainless  steels  (SS)  to  natural  waters  and  study  the  microbial  deposits  and  inorganic  surface 
chemistry. 

•  Use  pure  cultures  of  target  bacteria  to  demonstrate  that  Ennoblement  is  caused  by  specific  microbial- 
metal  interactions 

•  Use  XPS  spectra  to  define  the  nature  of  biofouling  deposits  on  ennobled  samples 

Accomplishments : 

•  Ennoblement  can  be  induced  by  Leptotrix  discophora  under  laboratory  conditions 

•  The  Ennoblement-causing  mineral  deposited  on  metal  samples  is  Mn02 

•  Microbially  deposited  Mn02  can  be  electrochemically  reduced  to  Mn2+;  manganese  oxihydroxide, 
MnOOH,  is  the  intermediate  product 

Impact: 

•  Manganese  oxidizing  bacteria  may  be  responsible  for  an  important  example  of  microbially  influenced 
corrosion.  According  to  our  hypothesis,  microbially  deposited  manganese  oxide  is  subsequently 
reduced  to  divalent  manganous  ions  by  electrons  from  the  base  metal.  The  anodic  aspect  of  this 
reaction  is  metal  oxidation;  i.e., corrosion  of  the  metal. 
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